Autism is a complex neurodevelopmental disorder, the pathogenesis of which remains unclear. Recent research suggests a possible role of hormonal abnormalities in the pathogenicity of autism. In this investigation, we measured serum levels of leptin, ghrelin, and growth hormone (GH) in 40 age-matched Bahraini children, 20 with autism (16 males and 4 females) and 20 healthy children (13 males and 7 females). Hormonal levels were measured by enzyme-linked immunosorbent assay method.
Introduction
Autism is a neurological and developmental condition characterized by impaired social interaction, deficit in language and the presence of stereotypic and obsessive behaviours [1] . Additional features may include poor eye contact, sensory modulatory dysfunction [2, 3] , and variable levels of cognition and motor disturbances [4, 5] . The condition is known as an autism spectrum disorder (ASD) because of the wide variation in the type and severity of symptoms. Autism has be-come a substantial health burden and the prevalence of the disorder has rapidly increased in the developed countries [6, 7] , and in the Arab Gulf countries [8] . Autism affects males more often than females, yet, no exact mechanism has yet to definitively account for this sex difference [9] .
The etiology of autism is not well understood. However, genetic and epigenetic changes [10, 11] , as well as environmental factors and immune dysfunction have been reported to be implicated in autism [12] [13] [14] . Moreover, alterations in the levels of neurotransmitters such as dopamine metabolism [15] , and dysregulations of serotonergic systems [16, 17] have been suggested to play a role in the pathogenesis of autism. Imbalance in the immune and inflammatory processes in autism, and an association between allergy, hypersensitivity and asthma with ASD have been described in recent studies [18] [19] [20] . The studies have also shown that children with ASD are at risk of having gastrointestinal (GI) tract conditions including constipation, diarrhea, and abdominal pain [21] , and the frequent GI problems that affect ASD children are more common than in children with typical development [22] .
Recently, a wide range of hormones and neuropetides have been investigated in autism [23] . Among them, leptin has been suggested to play a role in autism [24] . Leptin is a peptide hormone, mainly secreted by adipose tissues and acts as a mediator of long-term regulation of body weight and energy expenditure at the hypothalamic level [25] . Leptin also has a robust role in the brain and its receptors are highly expressed and in several regions of the human brain, including the cortex, amygdala, hippocampus, and thalamus [26, 27] . In addition, leptin plays an important role in the regulation of the neuroendocrine system, reproductive system, immune system, bone development, and brain development [27] .
Ghrelin is another peptide hormone which has been shown to be altered in autism [28] . Ghrelin is produced mainly in gastrointestinal tissues [29] , and exerts multiple physiological functions including the modulation of energy metabolism and regulation of autonomic functions. It also plays a significant role in synaptogenesis, mainly in the hippocampal area [30] , and abnormal synaptic homeostasis in this area has been reported as a risk factor for autism [31] . In the central nervous system (CNS), ghrelin has a proliferative anti-apoptotic effect especially during oxygen/glucose deprivation, thus, it may protect the hypothalamus against reactive oxygen species (ROS), which have been linked to autism [32] . Recent studies have revealed that the levels of ghrelin could be changed in epilepsy [33] , a condition which is more common in people with autism [34] .
While both hormones have a major influence on energy balance, the action of ghrelin is opposed by the action of leptin [29] . Moreover, a potential link between leptin and ghrelin has been reported, wherein gastric leptin inhibits ghrelin mRNA expression and reduces its level in a dose-dependent manner [35] . Both leptin and ghrelin are also linked to allergy. In human and murine studies, the pro-inflammatory effects of the two hormones leptin and ghrelin have been shown to be relevant to asthma [36, 37] . The two hormones have some immunomodulatory effects and counteract each other with regard to the production of pro-inflammatory cytokines TNF-α and IL-1β on human lymphocytes in vitro [38] .
There is also a connection between leptin, ghrelin and growth hormone (GH). Leptin stimulates GH secretion by acting directly on the hypothalamic-pituitary axis [39] , whereas ghrelin stimulates the release of GH through the expression of the GH secretagogue receptor type 1a (GHS-R1a) in the hypothalamus and pituitary [40] . GHS-R1a is also expressed in other brain regions, including the hippocampus. This limbic structure which plays an important role in memory, is a primary target for ghrelin action and is modulated in autism [41] .
To gain further insight into the role of these hormones in autism, the current study aimed to investigate the levels of leptin, ghrelin and GH in Bahraini children with autism and age-matched healthy controls. This study may provide an additional evidence for the implication of these hormones in the pathogenicity of autism, and could be particularly important in translation medicine to improve population health.
Methods

Participants
In this case-control study, a total of 20 children with autism and 20 age-matched healthy control children were enrolled. Children with autism were recruited from AlWafa centre, a sub-division of Bahrain Association of Intellectual Disability and Autism, and from Aalia Early Intervention Centre in Bahrain. The autistic children met the criteria for Autistic Disorder [42] . According to the Childhood Autism Rating Scale (CARS) [43] , the autistic children included in this study had no intellectual disability. They also had no neurological diseases or metabolic disorders. The healthy control children were recruited by advertisement. Their medical history confirmed the absence of any endocrine abnormalities, neurological disorders or other medical conditions. Information including age, gender, weight and height were collected from all participants. The body mass index (BMI) was calculated as weight in kilograms (Kg) divided by the square of height in meters (m) 2 .
Ethics approval
Ethical approval to conduct the current study was obtained from the directorate council of both AlWafa Centre and Aalia Early Intervention Centre in Bahrain as well as from the Medical Research and Ethics Committee in the College of Medicine and Medical Sciences, Arabian Gulf University, Bahrain. The parents and guardians of all participants were given a complete description of the study, and provided written informed consent according to the guidelines of the College of Medicine and Medical Sciences, Arabian Gulf University.
Blood sampling hormonal measurements
Blood samples (5 ml) from participants were directly collected into serum Vacutainer tubes (BD) after an overnight fasting. The tubes were allowed to clot for 30-60 min at room temperature, and then serum was obtained by centrifugation at 2,000 × g for 5 min.
The studies have shown that peptide hormones, cytokines and inflammatory markers are relatively stable when stored under cooled conditions [39, 44] . In the current study, the collected serum were used immediately or frozen immediately at -80 °C and used within three days after blood collection. Serum levels of leptin, ghrelin, and growth hormone (GH) were measured using the commercially available enzymelinked immunosorbent assay (ELISA) kits (Sigma Aldrich, UK or Abcam, USA) according to the manufacturer instructions.
Statistical analysis
The SPSS software (version 23; IBM Corp., Armonk, NY, USA) was used to analyze the data. Comparisons of serum levels leptin, ghrelin and GH, as well as other parameters between autism children and healthy controls were conducted by Student's unpaired t-test, and presented as the mean ± standard deviation (SD). Multivariate regression analysis regression was used to test the relationships between the levels of hormones and autism. The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated with multi-adjustment for several variables. All tests were two-tailed and statistical significance was accepted at P < 0.05.
Results
Characteristics of study subjects
The study included 20 children with autism and 20 age-matched healthy children. The characteristics of the study participants are shown in Table 1 . The age of participants ranged between 4 to 12 years in the group of children with autism and ranged between 4 to 11 years in the group of healthy control children. In the autism group, there were 16 males and 4 females. In the control group, there were 13 males and 7 females. The weight and height differed significantly between the autism group and the control group (P < 0.001). The body mass index (BMI) was significantly lower in the autism group compared with the control group (P < 0.005). The mean of BMI for children with autism was 15.5 ± 2.60 kg/m 2 and for the healthy children was 17.6 ± 4.15 kg/m 2 , which indicates no obesity in both groups.
Serum levels of leptin, ghrelin, and growth hormone
The levels of leptin, ghrelin, and growth hormone (GH) in serum were measured by enzyme-linked immunosorbent assay (ELISA) method in children with autism and age-matched healthy control children.
As shown in Figure 1A , serum levels of leptin were significantly higher in children with autism than in healthy control children (P = 0.038). The mean of serum leptin for the autism group was 78.05 pg/mL ± 17.99 and for the healthy group was 19.96 pg/mL ± 11.20.
On the other hand, serum levels of ghrelin were lower in children with autism than in healthy control children ( Figure 1B) , although without reaching statistical significance (P = 0.32). The mean of serum ghrelin for the autism group was 62.40 ng/mL ± 16.98 and for the healthy group was 91.50 ng/mL ± 36.30.
Likewise, serum levels of GH were lower in children with autism than in healthy control children ( Figure 1C ), but didn't reach statistical significance (P = 0.33). The mean of serum GH for the autism group was 0.63 ng/mL ± 0.02 and for the healthy group was 0.72 ng/mL ± 0.09.
Regression analysis
As we have found significantly higher levels of serum leptin in children with autism compared with the healthy children, we further evaluated the relationship between leptin and autism by multivariate regression analysis. 
Discussion
Autism is a heterogeneous group of neurodevelopmental disorder characterized by impaired social interaction and communication, preference for repetitive, stereotyped behaviours [1] , sensory modulatory dysfunction [2, 3] and cognition and motor disturbances [4, 5] . Although the cause of autism remains unclear, various factors or combination of factors are believed to contribute its etiology [10] [11] [12] [13] [14] . Recent studies have shown that abnormalities in various neurotransmitters [15] [16] [17] , and alterations in the levels of hormones and neuropetides [23] are implicated in the pathogenicity of autism.
In the current study, we investigated serum levels
Using the healthy control group as the reference category, the results ( Table 2 ) revealed a direct and independent association between higher leptin levels and autism incidence (odds ratio [OR]: 0.896, 95% confidence interval [CI]: 0.816-0.984, P = 0.021). These results also adjusted for age, sex and BMI and continued to show a significant association between leptin and A B C Figure 1 : Serum levels of leptin, ghrelin, and growth hormone in autistic children and healthy controls. The levels of leptin, ghrelin, and growth hormone (GH) in serum were measured by enzyme-linked immunosorbent assay (ELISA) method in children with autism and age-matched healthy control children. Figure 1A : Leptin levels; Figure 1B : Ghrelin levels; Figure  1C : Growth hormone levels. Data are presented as the mean ± deviation (SD). * P < 0.05 vs. healthy controls. observation may also emphasize more on the pro-neuroimmune inflammatory cytokine effect of leptin in the complex neurometabolic mechanisms involved in autism [24, 51] , rather than only a neuroendocrine mediator for regulation of energy intake and expenditure by a negative feedback. However, other biochemical and metabolic measures are required to rule out leptin resistance.
One recent study by Al-Zaid, et al. [28] has shown a significant reduction in the levels of ghrelin and GH in boys diagnosed with autism. However, their study lacks female subjects with autism, whereas in the current study we included both males and females with autism, but we found no significant decreases in the levels of ghrelin or GH in these children. It has been reported that the levels of ghrelin can be modified by the increase in sex hormones [52] . In boys, a pharmacological administration of testosterone induced a marked decrease in ghrelin, whereas a pharmacological increase in estrogen had no effect on ghrelin levels in girls [53] . Of note, prepubertal girls have higher levels of estrogens and androgen metabolites compared with age-matched boys, and this higher prepubertal sex steroid levels in girls contribute to their earlier onset of puberty [54] . Moreover, Greenman, et al. [55] have shown that females have significantly higher ghrelin levels than males, both in the fasting state and after glucose and lipid loads. The effect of gender on ghrelin levels can be explained by higher levels in females of hormones involved in appetite regulation [56] , and other hormones such as GH and prolactin [53] . Therfore, gender might be a possible reason for the discrepancy in our study and Al-Zaid, et al. [28] report. It might be also possible to assume that another reason for the variability in ghrelin levels could be due to technical problems [57] .
Ghrelin, which is produced mainly in gastrointestinal tissues exerts multiple physiological functions. It stimulates appetite by acting on the hypothalamic arcuate nucleus, a region known to control food intake [29] . Under fasting conditions, ghrelin is secreted from the stomach and circulates in the bloodstream, thus transmits a hunger signal from the periphery to the central nervous system [30] . In addition, ghrelin plays an important role in synaptogenesis, mainly in the hippocampal area [30] , and has a proliferative antiapoptotic effect in the central nervous system especially during oxygen/glucose deprivation [35] . Ghrelin is also an endogenous ligand of the GH secretagogue receptor (GHSR) and stimulates the release of GH [40] . This effect is guided largely by the expression of the ghrelin receptor GH secretagogue type 1a (GHS-R1a) in the hypothalamus and pituitary [40] . In animal model of induced GH deficiency, reduced ghrelin levels are influence by GH status [58] . These observations suggest a strong link between ghrelin and GH, and in our results both of these hormones were found to be lower in children with autism compared with healthy children, of leptin, ghrelin, and growth hormone (GH) in children with autism and age-matched healthy control children to gain an insight into the implication of these hormones in autism.
We found that leptin levels were significantly higher in children with autism than in healthy children. In multivariate logistic regression analysis, a significant association between leptin and autism incidence was observed, even after adjustment for age, sex and BMI, suggesting a direct link between increased leptin levels and autism. The finding in this study of significant higher leptin levels in the autistic children than in the healthy children is consistent with previous reports [24, 28] . Leptin is an important peptide hormone mainly secreted by adipose tissues, and is involved in regulating various processes including dietary intake, body weight and energy balance at the hypothalamic level [25] . It increases energy expenditure and thermogenesis by stimulating the sympathetic nervous system [45] . Leptin is also a cytokine-like hormone with pleiotropic actions and plays a significant role in the immune system, inflammatory response and neuroendocrine functions [46, 47] . It is among the neuroendocrine mediators that have an effect on the immune system, and a change in the immune response may impact several biological systems including the neuroendocrine and nervous systems. There is mounting evidence of neurological, immunological, and autonomic abnormalities in children with ASD [13, 14] and alterations in the immunoinflammatory system and increases in pro-inflammatory cytokines have been described in both children and adults with ASD [14] . Although the exact mechanism of leptin in autism remains unclear, increased leptin levels in autistic children observed in the current study may suggest a role for this hormone in the pathogenesis of the disease. This suggestion is supported by previous investigations showed an association between higher leptin levels in autism and early onset phenotype [24] , and the clinical manifestations of the disease [48] . Given the cytokine-like function of leptin in the immune system [46, 47] its elevation in children with autism may suggest a participation of this hormone in the immune response to inflammation. Previous studies have shown an association between the levels of leptin and ghrelin with adiposity [25, 49, 50] . In our study, high leptin levels and low ghrelin levels were found in children with autism who had no indication of obesity. As can be seen from the anthropometric data in the current study (Table 1), there was a significant difference in body weight between the autism and control groups, which was significantly lower in the autism group. The observation that the autistic children had decreased weight despite high leptin (an anorexigenic hormone) levels and low ghrelin (an orexigenic hormone) may suggest an impairment in the central processing of such peripheral signals. Moreover, many other hormones rather than leptin may play roles in body weight. In addition, this although without reaching a statistical significance.
To the best of our knowledge, this is the first study in Bahrain that investigated the levels of leptin, ghrelin and GH in children with autism. A limitation in our study is the sample size, and further investigations in a larger sample size are needed to elucidate the implications of these hormones in autism.
The conclusion of our findings in this study is illustrated in Figure 2 . Our data showed significantly higher serum levels of leptin in Bahraini children with autism compared with healthy children. While serum levels of ghrelin and GH appeared to be lower in autistic children than in healthy controls, both were not significantly different than in controls. This study is important to improve translation from medical research to health policy in Bahrain.
Future Directions and Recommendations
Further studies are required to clarify the relation of leptin, ghrelin and GH with the pathogenicity of autism. Indeed, studies in our lab are ongoing on larger samples not only to measure the levels of these hormones in autistic children but also to study them at the molecular level by conducting gene expression analysis. Moreover, genetic variation analysis are also important to explore the role of single nucleotide polymorphisms (SNPs) and other variants in autism pathogenesis. were measured by enzyme-linked immunosorbent assay (ELISA) in children with autism and age-matched healthy control children. The levels of leptin were higher and the levels of ghrelin, and GH were lower in children with autism compared with healthy controls.
